ABSTRACT
INTRODUCTION
The chapter draws on the work of two national projects concerned with developing research-based approaches to learning and teaching and supporting these through the use of technology. A pedagogic framework underpinning researchorientated approaches to the design and delivery of courses is outlined. Specific approaches to the selection of learning activities are discussed in the light of disciplinary variances in research processes. The solutions to technological support, implemented and evaluated through the work of two national teaching development projects, are discussed. A range of case studies is presented, which serves to illustrate course approaches across a number of subject areas that support students online in developing high-order learning capabilities. Generic lessons learned are highlighted throughout.
In exploring the usability of online environments (programs) for research-based learning and teaching, this chapter deals with two key educational objectives: (1) supporting inquiry, debate and creativity though sharing and review of work using Web publishing and discussion programs and (2) augmenting student collaborative learning by accessing and networking with remote experts using Web-mediated videoconferencing and other communications programs.
Issues and needs for both aspects are discussed in the context of operational usability. Factors relating to educational and technological usability are presented in the light of development and evaluation work in the following areas:
• pedagogic principles for research-based learning underpinning the course approaches;
• analysis of existing online systems and tools to support research-based courses; and • case studies illustrating the use of technological systems across a range of subject areas.
BACKGROUND
The term "research-led" is widely used in the UK higher education sector to describe universities that demonstrate a high capacity for good quality research whilst claiming that their research informs and enhances their teaching. A link between research and teaching has been both supported and contested for many years (Brew & Boud, 1995, p. 262; Centra, 1983; Entwistle, 1998; Robbins, 1963) . For a recital of this highly politicised debate, see Ramsden and Moses (1992, p. 274) , Hattie and Marsh (1996, p. 511) , and Roach, Blackmore, and Dempster (2001) . It is true to say that in research-led universities, staff are highly research-orientated and teaching programs are often strongly informed by staff research interests. The
PEDAGOGIC PRINCIPLES FOR RESEARCH-BASED LEARNING AND TEACHING
A fundamental premise in both TELRI and ANNIE is that research-based learning and teaching involves not just subject matter, but the development of the kind of investigative techniques that encourage high-order thinking. In other words, we encourage learning that is based on knowledge construction-the "imaginative extension of scholarship"-rather than merely its acquisition. In this way, highly productive collaborative learning may be developed, adding an extra dimension to the exchange of views and increasing understanding of the course concepts. Students learn not so much the content of the subject as the process-"in particular the creative cognitive process of offering up ideas, having them criticised or expanded on, and getting the chance to reshape them (or abandon them) in the light of peer discussion" (Rowntree, 1995, p. 207) .
One of the most valuable outcomes from the TELRI work is the knowledge and understanding gained in how to design courses which make the learning outcomes and assessment criteria explicit and provide students with the necessary skills and capabilities for life beyond higher education. This is of particular value to researchled institutions with the increasing need to define in more explicit terms the concept of research-led teaching and learning. It is equally of value to the wider range of courses that rely on the concept of "scholarship" as the key learning process.
TELRI has used the terms "adaptive" learning and "adoptive" learning to distinguish the capabilities that research-based courses aim to develop in students (Table 1) . Like research, adaptive learning is inherently a creative, generative and reflective process. In novel and open situations, it requires and develops higher cognitive processes. Adaptive learning differs from its counterpart, "adoptive" learning, which is best described as the application of well-understood knowledge and the mastery of tools, techniques and procedures in bounded situations . The extent to which the development of adaptive capabilities is balanced against adoptive learning outcomes in a course design is likely to determine a student's ability to respond effectively to undefined and unfamiliar situations within and beyond the discipline context (Roach et al., 2000) .
In establishing a framework to inform the design of appropriate course activities and assessment approaches, TELRI has used generic terms to describe learning outcomes of research-based courses that essentially borrow from constructivist theories. The discipline-specific aspects of adaptive learning are problematic. The terminology used by educational developers to describe research-orientated "processes"-which may include "authentic," "open," "interpretative," "analytic," "expressive," "inventive"-and the descriptions of learning from subject experts can be difficult to define. For example, what does it mean to be inventive in biology as opposed to history? How is an interpretative piece of work in mathematics different than one in law or literature? The absence of meaning in generic descriptions brings us back to the same foundation. What does it mean to be an expert in each individual subject field? What does a successful researcher in any given field do in terms of their thinking process? The TELRI course design guidelines (Roach et al., 2000) use a generic framework to assist academic tutors to think through such questions and make explicit statements about the capabilities of experts in their discipline that can be used as meaningful learning outcomes. From this, the type of learning activities (assignments), course resources and methods of delivery that will support and assess the development of such capabilities can be more effectively planned, implemented and evaluated.
Research-based courses essentially centre on research-driven tasks, which encourage the students to engage with key issues in the course, as well as to explore their own interests in the topic. The requirement to comment constructively on the work of other members of the group helps students to see each assignment in a wider perspective than would otherwise be the case from their own engagement with each task. This offers them insights into approaches to and criteria for assessment. In terms of learning outcomes, students not only acquire new insights into the subject area through their own research but also, when supported by online learning programs, learn how to use IT-based techniques as a tool for the investigation and interrogation of primary materials relevant to the discipline. Students are active partners in all the case studies and pilot projects and have a significant role to play in shaping the learning outcomes of the courses.
Assignments for research-based courses are designed to reward originality, risk taking, creative thought, critical inquiry and analysis, evaluation and decision making. Assessment is therefore strongly dependent on the expertise of the tutors. In our case, these are highly active and proficient researchers in their discipline. However, it is true to say that the use of online learning environments widens the gap between how students learn and how they are assessed (Salmon, 2000, p. 93) when assessment procedures remain locked into traditional examination modes.
It is claimed that making explicit the more ineffable and subjective criteria for assessment of a research-based course by providing access to previous course work will lead to standardisation of students' work. It is interesting, however, that it is felt that the students are in fact able to identify a common "standardised" content or "formula" for a high grade. This suggests that there is one, when, indeed by definition, original and creative work precludes this. It would be interesting to see how the publishing of highly graded work from open (and possibly closed) questions for students to access might influence a tutor's assessment criteria, particularly if, even in the absence of plagiarism, all work submitted deserved a first-class grade.
The most successful uses of online programs in research-based learning have been in courses where assessment has been flexible and taken place alongside the learning using the same online environments. The most common approaches have been student publishing of assessed work or work in progress to a shared Web area with the facility to view and comment on each other's work. Development in assessment for online and open learning environments is still new territory (Cann & Pawley, 1999) . The features of good scholarly peer review and debate have been proposed by Buckingham Shum and Sumner (2000, p. 139) in relation to peer review in journals: open, informed, dynamic, carefully constructed, cumulative, preserved. These may provide an equally useful guide for assessment of student work in relation to research capabilities. Guidance for the design of assignments for research-based learning has been produced as part of the TELRI work (see Roach et al., 2000) . From a pragmatic perspective, tutors have shifted the focus of assignments from the individual student contributing to group activities and debate to the submission of a piece of written work reflecting the students' own approaches to planning, justification, decision making and undertaking of the "research" task.
Since these issues have a critical impact on usability of online learning programs to support such "scholarly" activities, we believe the approaches identified here as appropriate for research-led institutions are equally of value across the broad context of higher education.
OPERATIONAL USABILITY
The potential benefits of online learning programs in courses have been shown over the years to be difficult to demonstrate unless the types of learning the course intends to support are made explicit. Cost-effectiveness of using technology above traditional methods can only be properly evaluated when the intended aims of the ICT intervention have been identified. There are two main considerations. Firstly, a clear overview is needed of the learning processes required for the students to achieve specific learning outcomes and develop specific capabilities. Without this pedagogical framework, there is a tendency for ICT methods and use of materials to be "bolt on" or time-consuming to develop or implement, and the learning gains often remain unclear or dubious. With or without technology, a clear purpose in terms of the capabilities being developed, assignments, support and resources assists in ensuring the quality and cost benefits of the course are maintained or enhanced. Secondly, the overall cost benefits of integrating ICT depend on practical factors that are mostly specific to each organisational context (Dempster & Blackmore, in press ). These may include the level of existing IT infrastructure, IT training needs, staff development and support, the need for remote access for some or all students and tutors, availability of course resources, time-tabling and marking limitations, feasibility of distributing work, and so on.
Evaluation methodologies with which to assess different online learning programs from a pedagogical perspective have been limited (Britain & Liber, 2000; Conole & Oliver, 1998) . Institutions mostly tread new territory regarding the limitations of particular packages until their own evaluation of implementation is well underway. This can be a costly approach if the system invested in proves unsuitable for its academic needs. Operational frameworks can help to reveal the underlying pedagogical assumptions and orientation of online environments. They aim to provide institutions and their academic and supporting staff with a basis upon which to choose a VLE package according to how they want to teach and wish their students to learn.
There is a great deal of software available to support learning and teaching online. Most of the benefits of online learning programs lie in their potential to support styles of learning that are especially time-intensive for university teachers using traditional methods (Britain & Liber, 2000) . Student-centred, resource-based, discussion-led and collaborative learning have always formed a core part of a university education. As Laurillard (1993) states, "it is not that teachers want to teach this way any more than students want to struggle to learn in this manner, both parties are constrained to operate within a university system over which they have limited control and which is barely capable of withstanding external the pressures currently being exerted upon it." In the case of research-based learning, evaluation of appropriate forms of ICT was based on the need to emulate environments that support the natural creative and collaborative practices of researchers.
For the TELRI project, we interviewed tutors in research-led universities across a range of subjects to ascertain the preferred ways of sharing and commenting on work and collaborative debate for themselves and their students. We have surveyed and tested a number of applications on usability issues specific to supporting and augmenting research-based learning for either campus-based or dispersed classes. Technological support for research-based courses may require established facilities such as publishing for both lecturers and students, structured virtual forums, help guides for set tasks, email, feedback facilities for the tutor and so on. Despite their popularity, early online tools such as these have not had the impact on teaching and learning that may have been expected.
One likely reason is the lack of cohesion between the various online tools. In pedagogic terms, principally, it is essential that the course, the technologies and student assignments provide a coherent system where each component is dependent on the others. After all, the educational system experienced by the students is inherently integrated. A number of packages have emerged over recent years that claim to provide integrated environments for using the range of these information and communication tools. The user interfaces traditionally associated with online com-munications programs have been replaced with the more intuitive interface of the Web (often referred to as virtual learning environments or VLEs; see a review by another TLTP3 project, TALENT, at http://www.le.ac.uk/TALENT/book/c4p9.htm). However, the continuing absence of cohesive pedagogical frameworks in many cases has resulted in development in the use of online learning programs (or VLEs) that fail to produce cost-effective and long-term change. Success is often evaluated on the basis of adoption rather than pedagogic viability and the educational benefits therefore remain unclear or dubious.
Regardless of the level of integration of online learning tools, not to mention the costs and training implications, we found significant gaps in interface and functionality in meeting the needs of tutors and students in research-based teaching and learning. In particular, few existing packages (such as FirstClass, WebCT, Blackboard, Fdlearning, WebBoard) allow students to publish work to be viewed by anyone other than themselves or their tutors. Some programs allow submission of documents and media files, usually as attachments sent to a group. However, none were capable of supporting annotation by students of work in progress in any usable form.
The majority of courses with an online component were used to facilitate access to resources, thus contributing to the delivery of the module rather than providing a platform for student learning in itself. While guidance is provided to the course as a group, support and feedback tends to be offered to students as individuals. As such, students learn as individuals rather than collaboratively. We found little evidence of the kind of cohesion between assignments, publishing, sharing and open exchange activities and access to supporting course materials that one would expect for supporting creative and collaborative learning.
EDUCATIONAL USABILITY
A prerequisite to the selection of specific online learning programs for course delivery and/or support is to establish which types and range of learning outcomes can be achieved by which methods. This is true even in the absence of a consideration of ICT opportunities. The pedagogic principles identified for research-based learning assist in establishing clear educational objectives and in making explicit the kinds of generic capabilities to be developed. Within the TELRI and ANNIE projects, two broad kinds of learning activity that students might engage in to develop such research-like capabilities have been piloted in courses that aim to support creative and collaborative learning. These are (1) sharing and discussion of primary materials and students' own work or performance and (2) accessing and networking with discipline experts. Both serve as a reminder that the focus of a research-based course should be on process rather than content.
These approaches aim to foster investigative capabilities in the students through contact with the research methodologies of full-time members of staff and expert practitioners. Such courses encourage students to be innovative and creative in their work and in this way provide opportunities for students to create new insights into the discipline rather than simply replicate existing knowledge. Risk taking is an inherent part of the creative process. It has been important in TELRI courses that curriculum design and online learning programs that support the assessment processes encourage this open sharing and debate of "work in progress." In so doing, it aims to allay the misguided expectation of many students that passive adoption and well-presented recital of established ideas are a safe bet to a good grade.
Discussion and debate enable students to explore and test out ideas and form their own meaning. These are central processes in arts and humanities curricula. ICT tools that support and extend this "tutorial" type of environment are valuable, particularly with increasing class sizes and time-tabling problems. In TELRI, tutors commented that technologies that allowed students to submit their assignment work and to view and comment on the work of others provided a clearer stimulus and focus for discussion than in previous traditional modes of teaching or even online discussions loosely associated with the module. They also facilitated additional or alternative ways for students to express their ideas and approaches, to "learn from seeing" and to participate in collaborative group work. This often resulted in increased enjoyment and sense of ownership in their learning. Students were motivated to maintain a steady flow of work from week to week. They acquired a wider perspective of the topic by seeing several different responses to the same assignment. Subjecting the work of their peers to such reflection enhanced their powers of reflection on their own critical practices.
Such approaches are equally valuable in the social sciences, where research capabilities manifest themselves in students' abilities to gather, evaluate and present evidence and construct arguments. These processes rely on discussion and debate as the major forum for learning, in addition to opportunities to apply and try out theories and concepts. Online learning programs that offered a means for students to prepare joint presentations, work through problems and share scarce case study material were used successfully in the pilot courses to support tutorials and smallgroup work. The approach was most beneficial in developing higher levels of abstraction and evaluation by introducing students to "real world" issues, particularly through the lecturers' academic research and through the use of primary materials rather than textbook sources that could be accessed fairly seamlessly through the online learning environment.
Problem-based classes are a major activity in many science curricula and prompt feedback is essential. A common approach is through "practice with feedback" using increasingly open contexts or problems. Learning activities focussed on the students identifying, evaluating and making use of a wide range of information and data sources, employing methods to interpret data, justify their approaches, make reasoned conclusions and solve problems. The networked environment is most valuable here, mirroring the approaches of scientists in professional practice as well as offering rapid feedback to learners.
In traditional teaching situations, debate and discussion tend to reside within a time-tabled tutorial context or in students' own social settings. The focus for such dialogue ranges from broad topical issues, key primary (research) materials or the students' own assignments or "work in progress." When the shared object of discussion is a document, an email list or Web board will not provide an effective platform for referring to different features or conducting parallel streams of discussion Buckingham Shum & Sumner, 2000) . More intuitive systems for publishing and annotating are required. Furthermore, when the shared object of discussion is a more visual piece or indeed a "performance" of some kind, online systems will be required to support learners and tutors in more interactive ways. Little significant work has so far been undertaken in the sector to achieve a fully interactive approach to distance-taught workshops. Accessing remote experts has previously only been achieved as a passive activity using satellite linking or videoconferencing with lectures delivered from remote rooms. Facilitating interaction from visual performances in remotely linked workshops for active and collaborative learning presents a different set of challenges to traditional models of teaching facilitated by the majority of integrated online learning programs.
TECHNOLOGICAL USABILITY
In considering the online learning programs for supporting research-based learning, TELRI uses its distinction of adoptive and adaptive learning to clarify appropriate ways in which online programs might be used to support learning Roach et al., 2000) . Three categories for the application of technology to learning emerge: resources, support and assessment. In the category of learning resources, online tools can be used to enhance the flexibility of access to course content and primary materials. Together with computer-based assessment, such tools generally support the adoptive aspects of learning. Online tools that provide learning support can assist in developing adaptive aspects of learning by offering environments for students to share and discuss work (written or visual) and obtain feedback from tutors and experts on their ideas and understanding. The Boyer Commission (1996) report makes a similar distinction in encouraging the use of ICT that "enriches teaching rather than substitutes for it" and wanting students to have tools "with which they can discriminate, analyse and create rather than simply accumulate."
Courses delivered in whole or in part via Web-based approaches have the potential, if in course design a deliberate attempt is made to do so, to encourage discussion and debate. In TELRI, learning activities focussed on research-like assignments, which the students explored as individuals but debated as a group. If adaptive learning is to take place, an online environment must enable students to engage in some kind of activity or communication process that encourages students to generate new ideas. It must also support the students' need to have ready access to feedback related to their personal input or to interact with other students or experts. Online publishing and discussion tools have the potential to support collaborative learning activities and sharing of work and can offer immediate and flexible feedback from both peers and experts. Through the functionality offered by online learning programs, students are provided with the means to contribute to and view a collection of primary materials or class work and associated reflective or critical comments that drew on and developed students' evaluative, justification and decision-making capabilities. The tutor then becomes an instigator and facilitator of research-based learning, rather than the expert who presents and delivers research-led teaching.
The Web has many advantages in delivering networked online courses taught across one or several institutions, amongst them the speed and ease of communication and the visual integration of multiple types of media. Its main pedagogical advantage, however, is that in its open publishing and sharing functions, it is ideal for supporting research-based approaches to learning. Research-based learning courses benefited from the capacity for the Web to provide the requisite immediacy and flexibility of access to two key elements, brought together in the same online learning environment:
(1) electronic resources (materials, media, databases, work applications and so on) available through hyperlinks and/or search engines and (2) student publishing and feedback facilities for sharing and discussion of such materials and, importantly, the students' own work.
At the same time, the Web should not restrict access for any student. Accessibility issues must therefore be incorporated into the design and delivery methods of online activities and resources (see Interactions issue on this theme: http://www.warwick.ac.uk/ETS/interactions/vol5no2/).
Interestingly, work on pre-Web hypermedia systems for scholarly publishing at the Open University's Knowledge Media Institute (KMI) formulated similar design principles for an online environment that support document sharing and discourse (Buckingham Shum & Sumner, 2000, p. 140-143) . These were (1) avoid overelaborate discussion structuring schemes; (2) integrate document media with discourse; (3) redesign work practices to emphasise discourse; and (4) support the new practices with tools. An example can be seen in the review system incorporated into the Web-based Journal for Interactive Media in Education (JIME: http://wwwjime.open.ac.uk/).
Many comparative reviews of online learning programs concentrate on features, tools and technical specifications (http://www.ctt.bc.ca/landonline/choices.html) rather than their application in practice. For the TELRI project, we evaluated a wide range of online learning environments specifically for their capacity to support student Web publishing and annotation of work identified as necessary for researchorientated activities. (For a list of links to detailed reviews on specific packages, see http://www.telri.ac.uk/Technologies/.) TELRI approaches have been piloted with a number of existing software and systems, bearing in mind the need of lecturers for simplicity, "fitness for purpose" and cost-effectiveness of technology solutions. Although a number of commercial packages can provide some of the functionality to allow document sharing and discussion, there are several limitations that restricted their use to support research-based learning activities.
• Most discussion tools, either stand-alone (such as WebBoard) or as part of a VLE-type package (such as FirstClass, Blackboard, WebCT), operate at the level of asynchronous communication of textual messages. Although messages are primarily text-based, MIME is usually supported by most browsers, and in online discussion tools, non-text attachments can usually be included in a message. Few programs supported synchronous collaborative exchange in anything more than textual "chat" format. Video-based collaborative activities are often difficult to set up. Leaving aside the logistical challenges of appropriate rooms, firewall protocols and adequate network links, they require software that is rarely provided within standard VLE-type packages.
• From a pedagogic and practical perspective, discussion tools need to integrate seamlessly with other learning tools so that online resources and studentcontributed work, which form the focus of debate and discussion, can be accessed in one step from all members of the class group. This is an aim of integrated online learning packages, which handle it to varying levels of satisfaction for research-based work, and is handled less well in discussion boards.
• The online learning programs reviewed varied in the ability to offer tutors a means to set certain presentation aspects of the learning environment or to create hyperlinks to other documents or resources held on a local server or on the Web (such as primary research materials, links to databases, FAQs, reading lists, etc.).
• In all VLE-type packages reviewed, tutors lacked the ability to schedule in advance the opening and closing of a group, which would be a key feature in the use of these tools for student publishing and viewing of assessed work.
• Very few VLE-type packages provided the means to set up publishing and hyperlinking facilities for the learners in addition to the tutors (or could do so only in a very clumsy way that restricted its practical use in courses). Work submitted by students as "messages" could be identified as "source documents," but the programs did not provide any facility for these to be displayed alongside the reply so that the student or tutor comments could easily be related to the original work. The only example that came close was the electronic Journal for Interactive Media in Education (www.jime.open.ac.uk/) , where peer review is facilitated by a commentary that can be displayed in a window/frame alongside that within which the document resides. Even here, annotation against specific parts of the text was not supported, although discussions threading was a feature.
In our selection of online systems to support the document-based publishing and discussion activities in TELRI courses, some compromises were inevitable. It was also apparent that many academic staff did not have ready access to the tools or VLE packages we wished to pilot with them. A simple CGI-based Web publishing tool was therefore produced that enabled submission, viewing and critiquing of work as a group activity. Students could upload work by entering text into a Web form (or copy/ pasting from a word-processed document) and/or uploading images or other file types to be displayed in the browser frame. Without such a tool, many interested staff would have been unable to explore the approaches. The volume of interest and uptake achieved is most definitely attributed to the simplicity and ease of use of the ICT. That it was freely available and circumvented the IT training and support usually required for an integrated package of online learning tools (i.e., a virtual learning environment, VLE) added to its popularity. The tool has, therefore, been very attractive to staff who wanted to work in this way without a requirement that either they or their students should develop sophisticated Web publishing skills.
Development of a tool "in-house" provided us with three opportunities: (1) to provide an accessible and simple ICT tool for staff and students to use in the pilots; (2) to tailor the functionality of the tool specifically to the needs identified for supporting research-based learning activities; and (3) to avoid compromising the evaluation of the pilots by technology that was not sufficiently "fit for purpose."
In the ANNIE project, the technological usability evaluation explored the capacity of online learning programs to support collaborative learning centred on visual or performance-based activities (rather than the document-based focus of the TELRI courses and the OU's KMI work). Firstly, a survey of distance teaching across all disciplines in the UK was carried out and secondly an evaluative study was undertaken of software available to enhance work in this area. From a vast review of over 1,000 Web-supported courses and previous work undertaken to capture visual and performance-based activities, there was a disappointing lack of innovation in this area.
" (Fergusson, 2001) .
Any relevant development has focussed on passive capturing of lectures or demonstrations rather than the support of interactive, creative and collaborative learning activities. The areas of greatest value as models for participatory workshops include interactive online performance, mass participatory events (such as national experiments) and virtual rehearsals of plays. In addition to computer-based software solutions, we have also looked into other technologies, principally ISDN videoconferencing. An obvious requirement is for clear, high-quality video contact between individuals or groups, though its use for workshop classes has also been of importance in the ANNIE project. Since videoconferencing suites are rarely in appropriate locations for the purpose of workshop activities, the technology now exists to run good quality video over high-speed networks. This makes videoconferencing facilities much more mobile. In theory, any office, studio or workshop with a network outlet can become a videoconferencing room. The mobile equipment networks to dedicated ISDN lines and from there to the remote institution. This is obviously an important development in the area of distance participation in practical workshops. It has been used with partial success (due to technical failings not pedagogic ones!) in the initial pilots for ANNIE.
The development of the ANNIE case study pilots considered how these kinds of technology might best support the pedagogic aims of the student activities and best meet their learning needs. The rationales for using technology and the effect it had on the students' performances and the learning process were key elements in the overall usability evaluation. In general: "When the aim is solely to broaden the range of activities and expertise available to students, videoconferencing is selected. When changes in the aims for the students' learning is considered, for example developing critical or reflective practice, or collaborative working, then computer-mediated communication and computer-based resources are considered" (Dempster & Childs, 2002) .
EVALUATION METHODOLOGIES
Specific evaluations of the implementation of new methods were conducted using a variety of standard methods. We triangulated findings from interviews with course developers/tutors, student questionnaires and the reflective observations of the support team members. In our approach, we compare qualitatively educational effectiveness of the new teaching and learning approaches with previous or possible alternative approaches, including the role played by technological intervention. We considered the intended capabilities to be developed against the extent to which the tutor felt the students had demonstrated the specific learning outcomes attributed to research capabilities, that is, the "adaptive" components. (These are summarised in Table 1 in the section Pedagogic Principles.)
In terms of the costs and benefits in the online learning approaches, one would ideally measure learning outcomes of groups making use of ICT against those who do not. This can in most cases be achieved by evaluating outcomes with the previous years' equivalent groups. It is unlikely, given the relatively small timescale of the development projects, that one would have been able to identify major learning shifts. However, we have been able for each intervention to derive qualitative data on changes in student capability and the learning experience.
Many individual academics who have adopted the approaches are clearly convinced of the worth in supporting research-based learning. Promoting factors were the motivation of the students to use the ICT approach and the ease of use of particular online tools. In nearly all evaluations, the students perceived the researchbased approach to assignments as adding an extra dimension to the course. Importantly, course tutors were generally convinced that the level of learning and quality of the students' work had increased significantly.
Immediate and longer-term benefits were evaluated in the following areas:
• more explicitness in curricula about learning outcomes and assessment criteria;
• enhanced student achievement in the skills that contribute to research capability;
• improved access to learning opportunities;
• cohesion of teaching and learning processes into a coherent strategy;
• increased ratio of motivators to barriers (leading to increased uptake and success);
• maintenance of quality in courses involving larger numbers of students;
• reducing teaching staff workloads in preparation, delivery, support and marking;
• increasing the quality time that staff can spend with students;
• reducing the overall cost of methods and materials in the longer term;
• more effective use of existing IT infrastructure;
• innovation and potential for new distance learning development and partnerships;
• increased student motivation and satisfaction from creative and self-paced approach;
• maintenance of quality in courses involving higher numbers of students;
• reducing the overall costs of using remote experts; and
The cost of each intervention might also be measured in terms of: improved or increased use of existing equipment; provision of new equipment; staff training and learning time; and production of new tools and materials. The intervention cost must be compared with the cost of current or where possible alternative methods. Costs in pilot courses were projected to longer-term benefits of the intervention in terms of maintaining quality and values, staff development, student motivation and achievement, and other factors affecting sustainability (validity and viability).
The use of advanced technology can also enable departments to deliver and support courses in ways otherwise not possible. For example, the close network of scholars and professional practitioners that are exploited in the ANNIE project enable the Warwick and Kent theatre and drama departments to maintain the involvement of experts long after they have physically left the university. The use of distance technologies has the potential to enable such scholars or practitioners to continue to contribute to whole modules or one-off classes to their degree programs from a remote location. Not only is the curriculum enriched as a consequence but the costs are substantially reduced, both to the department in terms of consultancy and travel expenses and to the expert in terms of time, travel and commitment.
USABILITY OUTCOMES FROM EXAMPLES IN PRACTICE
Looking at the complexity of operational, educational and technological issues and needs in the usability and cost-effectiveness of online learning programs, it is understandable that "it is harder to know how to use the technology than to develop it" (Buckingham Shum & Sumner, 2000, p. 151) . With this in mind, this section provides illustrations of research-based learning approaches in courses spanning a range of subject disciplines. From both formative and summative evaluations, the outcomes are identified in each case study in relation to particular aspects of educational and technological usability outlined above.
The support of students' creative and collaborative learning activities explored throughout this chapter require that online learning programs can, to varying extents, provide students with the means to share and critique materials, particularly their own work, through: The priorities and the integration of these functions vary according to the specific purposes and aims of the course involved. There are definite variances in the learning activities and support requirements across the disciplines. From a synthesis of case study evaluations across the projects across the case studies implemented through TELRI and ANNIE, a number of generic elements emerge as successful outcomes of the research-based approaches across all subjects and courses. Primarily these fall into the categories listed in Table 2 , the benefits of which were generally felt by tutors to outweigh the costs of the intervention.
In some cases, in terms of staff time to explore and implement the educational, technological and operational requirements, the actual pilots were rarely costeffective. However, once the approaches were embedded into the lecturer's own practice or departmental culture, the cost benefits were extremely favourable.
Language Learning
In a course for nonspecialist French language learners in the Language Centre at Warwick, students focus on a single assignment involving research, presentation, discussion and analysis. Two groups of 30 students were asked to choose an image and conduct some background study, then upload the analysis of the chosen image to the Web using the TELRI forms-based publishing tool (see Figure 1) . This work formed the central theme to a presentation, a question and answer session and a written piece incorporating further research suggested by peers. All aspects were delivered in the target language. In so doing, students build up linguistic knowledge and meaning through the creative use of language.
Despite a wide differentiation in the technical expertise of both the students and tutors, very few technology-related difficulties were encountered. It was clear that the transparent use of technology was a success factor. The design of the online program was purposely kept as simple as possible to avoid distraction from the main process of language learning. The technology-based approaches allowed scope within the course schedule for students to reflect more deeply than was previously possible in solely time-tabled groups. A higher degree of focus in face-to-face seminars was also apparent. Linguistic knowledge and fluency of expression in a wider range of communication areas (listening, reading, speaking and writing) were also enhanced. The use of such approaches in subsequent runs of the course and in other courses offered by the Language Centre makes the initial investment in staff time highly cost-effective in the longer term.
In a module for a third-year cultural course in Italian Studies at Warwick, we took the above approach a stage further to support students' critical analysis of a document translation into Italian through the use of commenting facilities. Previously in the course, there had been a problem with perception versus reality of translation as a practice. The course tended to be grammar oriented. Few new knowledge and critical-thinking skills were developed in translation. A Web site was prepared to enable students to submit drafts as individuals in a group of five. The facility enabled students to compare, contrast, comment on and redraft translations as needed (Figure 2 ). Higher-order thinking skills within student discussions, comments, and translations were evident to the tutor. The skill objectives of the course were to develop an analytical and critical view of translations, develop the ability to use a multitude of resources, and develop the practice of drafting and redrafting translations; and finally, language accuracy was a major objective. Perception of the course focus was shifted from grammatical emphasis to professional evaluation emphasis. The site publication produced more direct and intelligent questioning. The translation accuracy improved and grammatical skill levels were maintained or improved.
Comparative Literary Studies
In English and Comparative Literary Studies (Warwick), a module on North American Women Writers aims to encourage in students individual interpretations and responses within the frameworks provided by the prescribed critical reading. The objectives of the course program are to study a selection of 20th-century North American Women Writers in depth, within the wider context of North American literary and cultural preoccupations, and with reference to recent critical debates. The course is based around a seminar program. The interdisciplinary backgrounds of the students taking the course meant that it is difficult to support the differing needs and understanding with respect to cultural contexts and critical analysis abilities. In particular, tutorial teaching for such large groups is restricted in the depth of analysis that could be supported by group work and tutor guidance. Some students are part time with work and other commitments so that time-tabling face-to-face sessions is increasingly difficult. There are fewer large seminar rooms and so booking teaching space was also a problem.
In order to alleviate some of these problems, a Web site of notes on course texts and bibliographies was produced along with the use of a simple email list to extend tutorial discussions (Dennis & Dempster, 2000) . This has the advantage of not triggering a great demand for training, since most students already use the Web and email. The use of email-based discussion aims to encourage independent learning and group collaboration and to democratise the learning process without precluding the provision of lecturer input and support. In the absence of a more sophisticated online learning environment, a permanent record of the email list contributions was included on the Web site by implementing an archiving system. A student work area was subsequently added using the Web publishing tool developed for TELRI. The students can submit their non-assessed work, view the work of others and comment on and discuss the critical analysis approaches taken and the ideas generated. The home Web page for the course (Figure 3) integrates a general overview of the seminar structure for set texts, links to assignments, tutor's notes, bibliographies and Web resources, access to the discussion archives, and the student work (publishing) area.
The integration of ICT allows far more in-depth reflection on the critical analysis process than the face-to-face seminar program would otherwise have allowed. With the Web publishing implementation, the Web site provides a far more integrated learning environment. The students are becoming familiar with going to the Web site for all their online activities, i.e., retrieving resources, engaging in discussions and publishing their work. Students are given more freedom and opportunity to experiment with their own ideas and arguments. With emphasis on an open process environment where comments and tutor's remarks are recorded, students' abilities in structuring their argument and expressing reflective reasoning for their ideas are enhanced.
The student contributions to the email discussion and their published work provide an excellent resource for following cohorts of students on the module. There is a need to moderate these and putting them up on the Web site is quite timeconsuming, but well worth the effort. Making the high quality work (marked where possible) available provides the students with a sense of purpose and understanding of the assessment criteria. Students used the email discussion list to add or elaborate further on a remark made in the seminar. The mix of different degree courses represented on the module allowed students to share their specific skills and knowledge with other members of the group. 
History and Law
The Web and CD-ROM provide students with more access to information than ever before. However, students still need to develop expertise in evaluating the relevance of what they encounter in their researching techniques.
A second-year core module in the Department of History (Comparative American Studies) on North American Themes is based on lectures and seminars. The Web publishing approach was implemented to facilitate students' reflection on their approaches to research and enhance the development of evaluation and critical analysis skills. The students select a book, research article or Web site relevant to the course objectives. Using the Web publishing facility, they submit a critical review of the chosen primary text and can view the reviews of others in the class. This work is used as discussion material for the seminars. Since in the past, original source material was difficult to access, this approach provides a purpose for using Webbased resources. Furthermore, it builds up a resource base of critical analysis that is reusable in future courses. The approach forms an open process learning environment and provides opportunities for originality and risk taking, essential elements for the development of high-level thinking. An online discussion board is currently being integrated into the approach to extend seminar debate. The tutor commented that the approach enhanced the students' motivation to read the texts, their willingness to take risks and exchange ideas and their level of reasoning and abstraction of arguments.
In a similar fashion, an assignment and assessment scheme was developed with the School of Law at Warwick based on making those working and study practices leading to high quality work more transparent to the students. This allows students to approach future assignments and finally dissertations with greater success and originality. The process, not accidentally, reflects the research process practiced by experienced academics. The main failing of a student's approach is often a superficial interpretation of the course information and assignment meaning and depth. This often underlies the inability to design cohesive and effective strategies to allow them to define clearly and tackle each of the individual assignment components. TELRI approaches enable a learning process development to be incorporated into the course without the need for additional tutor support. Nevertheless, feedback on the student contributions may provide a valuable focus for tutorial work or email discussion during the process. Submission of the learning process log was conducted after the piece of assessed work was submitted. The full process and associated best examples are then published (anonymously) to a course Web site. The students benefit from clear examples of best practice and best work for subsequent assignments.
TELRI worked with TALL (Technology-Assisted Lifelong Learning) and the Local History group in the Continuing Education Department at Oxford University to develop and evaluate a Web-based course that aims to develop the student as a confident and proficient researcher of family and community history. The purpose of the course was to develop students' abilities to analyse critically approaches to data search and query techniques appropriate to supporting concepts and arguments. Assessment of the course is based on three set assignments, designed to develop students' analytical and evaluative capabilities.
The need to design a specific online learning environment for the course was a huge cost. However, we felt this was necessary since commercial or HE managed learning environments (MLEs, e.g., WebCT, Blackboard, COSE) did not allow TALL to establish the philosophy in the way they wished. The course is currently run as a mixture of online and offline material. That is, it has a traditional print-based focus (using PDF files for downloading and printing) backed with network support for collaborative work and discussion provided by WebBoard conferencing software. The sense of overview of course structure, content, logic and purpose is easily hidden in an MLE. As such, it does not allow students to take as much responsibility for their own learning as we required.
In responding to the new environment, the tutors were reactive rather than proactive. Students on the other hand were asking for more integration of facilities for voice-based, synchronous conferencing, rather than purely text-based discussions.
Biological Sciences
Research capabilities are developed in science curricula through sophisticated problem-solving and reasoning skills. A course on Bioinformatics has been developed that integrates a problem-solving approach with critical discussion of appropriate approaches and choice of techniques. The focus of the course is on solving a real research problem in the area of genomics. The course consists of seven modules and is driven by problem-solving exercises embedded in each of the modules (Figure 4) . The students are given a DNA sequence and are expected to do a series of analyses on it. The course modules are designed to help students to deconstruct this complex task into a set of relatively simple exercises. In doing so, the course has two important aims; one is just to be aware of the techniques in bioinformatics and to teach students how to apply them and the other is that the students gain understanding in the underlying theory.
Students are given access to a publishing area on the course Web site where they can present their findings and discuss their choices with peers (and tutors). The students upload an overview of how they plan to tackle the report write-up that they will eventually submit at the end of the course. A blank notice board input area on the Web site allows students and tutors to add comments.
The need to develop knowledge and techniques is driven by the students' need to work through the problem. The final assessed output is a research report, which emphasises the students' reasoning and justification in deciding the appropriate procedures and resources to utilise. Furthermore, students are expected to develop the ability to think critically about the results they are obtaining and to discuss this in their report. Through this approach, students also gain understanding of (1) how different programs require data to be inputted in different formats and (2) the importance of this in terms of obtaining a sensible answer to data analysis. These are prerequisites to performing accurate research.
Performing Arts
In theatre and drama modules, online videoconferencing and Web-based programs are used to provide access to research-based teaching and workshops led by practitioners of national and international standing. Interactive activities aim to enhance the students' learning experience and promote student engagement in selfdirected learning. Different methodologies have been piloted to evaluate the usability of online tools for meeting these aims.
Videoconference Seminars and Workshops
Students took part in differing mixes of asynchronous preparation work through Web-based discussion boards, attending the videoconference(s) and follow-up asynchronous exercise.
In a course on Performance and Hypertext, the students drew on the skills of an artist situated in a remote location to engage in issues regarding the status of the virtual body and the options it offers for live performance. Four computers with Web cameras were set up in a studio at Warwick. Twelve students engaged in workshop activity with the remote tutor, using cameras and the chat facility available in the chosen iVisit software ( Figure 5 ). The use of Web technology in a course on Virtual Scenography allowed a remote expert in the creation of virtual world in theatre design to interact with a group of around 10 students. He presented his material, set up some 
Web-Mediated Video-Based Exercises
These sessions were successfully supported from a set of pages on the course Web site. The exercises were videotaped using a digital camera and uploaded to the Web site for review by students and the lecturer. One example is a module on standup comedy, where the tutor took students through a series of exercises to build up their ability to do stand-up comedy. The students undertook the activities as a class, commenting on each other's performance. The students recorded their feedback and uploaded it, proving an effective means of enabling peer review and tutor assessment.
Software Tutorials
These were distanced learning case studies where students worked offline through software tutorials supported online by the lecturer. There was a limited amount of synchronous work. One example of this is for lighting designers at Kent who received an introduction to and support for lighting design software produced by a professional expert in the field. The module successfully integrated an initial synchronous demonstration, asynchronous use of a support Web site of resources, Web-based discussion and NetMeeting tutorial sessions, culminating in a fruitful follow-up videoconference discussion.
Online Learning Support
Web-based learning materials and use of discussion boards were effective approaches in this area of development. Modules provided both a support for and a demonstration of media-and Web-based aspects of theatre work. In a module at Warwick, online learning programs aimed to provide a "virtual residency" for a theatre company to engage with a group of students on the course. Videoconferencing, Web-based discussion and the use of images and video shared through the Internet followed an on-site visit. The module involved remotely located tutor and students and centred on video and pictorial material presented asynchronously through an interactive Web site. Students annotated the materials online with their own ideas and interacted effectively via a Web-based discussion board.
In evaluating the usability of the online facilities for video-based teaching and learning activities (Childs, 2002) , the feedback from students and tutors was enthusiastic. Although many students were apprehensive about using the technology, most found the process of communicating with the remote tutor (expert) far more inclusive than they had anticipated. Although not apparent during the videoconference sessions, during the discussions, tutors and students commented that the lack of visual cues resulted in the communication being more limited and disjointed for the remote work than for the group of students in the local room. The communication was also constrained by the students' self-consciousness at appearing on the projected image. Recommendations for future sessions therefore included the use of a separate monitor, which cannot be seen by the participants, for monitoring the outgoing signal and to ensure echo suppression is used at both ends.
In broad terms, videoconferencing had few advantages over traditional face-to face-sessions, apart from enabling the session to take place. The students felt that delaying the session until an occasion that the remote expert tutor was available to deliver a face-to-face session would have been detrimental to their studies; they felt that continuity of contact with the same lecturer was important. Videoconferencing was an effective substitute but did not provide "added value." In the evaluation (Childs, 2002) , the students benefited from a number of the technologies and considered that their use in face-to-face sessions would also be helpful. All the students stated that they would not have any problems with using videoconferencing in the future, and where students had been apprehensive about the first session, there was no longer any apprehension about repeating the experience.
FUTURE TRENDS
It is not coincidental that the capabilities we seek to develop through researchbased learning enable a student to develop a "skill of transfer." This encompasses the range of transferable skills considered essential for employability and lifelong learning (Barnett, 1994; Bridges, 1994; Hyland, 1994) . Indeed, the research-based framework developed for TELRI was seen as a practical and sound way forward in the development of transferable skills in other learning contexts, as wide-reaching as management training and school-based education.
The strategy adopted in both projects is one of engaging staff across a range of disciplines in dialogue about curriculum design and delivery. This assists in identifying research capability components in the context of specific study programs and disciplinary needs and enables a more insightful exploration of how such capabilities might be further developed through the use of online learning programs.
The online resources, tools, materials and systems developed and implemented by the TELRI and ANNIE projects are being used in different ways. Mostly they are used by academic teaching staff in supporting the delivery of courses and learning, but it is well recognised that this needs to be sustainable in order to bring about some impact on continuing practice at an institutional level. The ideas are increasingly being incorporated into teaching and learning strategies and academic staff development programs of many of the institutional partners involved in the projects. Despite this and the increasing growth and diversity in the use of ICT in learning and teaching, development is often patchy and lacks the coordination of other elements of university management. Some of these operational issues are well known to educational developers and learning technologists across the sector but have rarely been documented. They are usually evidenced on the basis of individual projects rather than generic studies. Future evaluation studies (one such is planned as part of the TELRI project continuation work) should seek to provide useful vehicles for exploring the processes of implementation of teaching innovations within particular institutional contexts.
One reason for the lack of embedding of new practice within an institution may lie in the context in which its individual academics must operate. Learning technology still struggles to find an appropriate base and by its very nature challenges the status quo. There is often a significant gap between funding and support provided for IT infrastructure and a central support unit for teaching development. Additionally, there is an element of conflict for academics between their conception of effective learning, which may suggest a research-based and student-led approach, and the pragmatic attitude that academic staff tend to adopt in order to survive within the current parameters of institutional contexts. Institutions vary immensely in their structures and working practices, i.e., the operational context that supports and integrates teaching development into its core academic business (Dempster & Blackmore, in press ). The retention of many existing organisational structures, policies, procedures and staffing arrangements can in many ways undermine or compromise the pace and impact of innovative development. It is therefore essential that these operational contexts are better understood if future educational development projects, particularly external ones, are to be cost-effective and result in enhanced practice and quality. The depth of analysis required of such institutional contexts was unfortunately beyond the scope of the current projects. It is an area worthy of future research.
The application of distance technology in the field of the arts and particularly in practice-based disciplines is virtually nonexistent. The study of distance teaching and learning programs may not offer us much in the way of positive models for development. They may be useful in terms of what not to do, but our remit is to find an entirely different set of principles particularly for subjects that are not obvious candidates for this mode of delivery. This means we have the luxury of starting from first principles and can be confident that we are not duplicating existing research. The pilots undertaken in the ANNIE project pave the way for the development of highly innovative yet practical ways forward to providing online environments to support interactive, creative and collaborative learning activities.
CONCLUSIONS
This chapter has aimed to highlight the value of pedagogical objectives and frameworks in evaluating usability, in the main validity and viability, of online learning programs in learning and teaching contexts. In aiming to harness and exploit online learning programs, the focus of our two projects on research-based learning (and "research-led" teaching) served to re-establish our key educational purposes to the benefit of teaching and learning quality. We believe the research and development involved has had a significant impact on higher education in that it has contributed to a renewal of the debate on supporting the development of higher order thinking and learning in the curriculum. In particular, the projects have evolved at a time when higher education is being asked to improve the thinking and transferable skills of students. The course design framework considers the pedagogical rationale for implementing research-based learning, while the case studies and review of tools offer examples of what to do with the technology to support this. As a result, we hope to have been influential in developing new approaches to curriculum design and the appropriate application of ICT to support creative and collaborative learning.
The cohesion required between educational usability and operational usability, including technological factors, is not to be underestimated. Integrating individual innovation with institutional strategies is essential in the management of change in academic practice. The chapter hopes to have highlighted how institutional factors can both impact on innovation or bring teaching and research closer together to enhance learning. Both TELRI and ANNIE offer ideas that are practical to an extent in most operational contexts. This has had an impact on staff development programs and has been perceived as enhancing professional development by those academics involved.
It is less straightforward to measure the improvements in student learning that have come about through such implementation projects. This is a widespread problem as higher order cognitive skills and their assessment is not well defined. It has certainly been difficult to attribute any student's "capability" to a specific online learning program. Higher education will be keen to evaluate what is and is not appropriate and "fit for purpose" with respect to the usability of online learning programs to support institutional learning and teaching strategies. As institutions commit to buying in or building their own, they will ultimately be looking to judge the cost-effectiveness of that investment against their own goals. Feedback provided from project evaluation suggests that in general the online approaches for sharing and discussion of students' work have led to greater collaboration and communication between staff and students and amongst students. It is therefore valid to conclude that the requisite functionality of online learning programs for supporting researchbased learning and teaching activities discussed in this chapter has been seen to enhance comparative and critical evaluation skills and foster an environment in which originality and innovation can flourish.
